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Editorial 


Member Subscriptions 


The publications Committee solicits comments and ad- 
vice from the membership about the decline In member 
subscriptions to AGU Journals. The phenomenon Is Illustrat- 
ed below. During the period of this decflne AGU member- 
ship has Increased by several thousand, and there have 
also been marked Increases In participation in annual 
meetings and In the numbers of papers submitted for publi- 
cation. We therefore conclude that declining circulation Is 
nol due to a declining population of geophysicists or to de- 
creasing research activity. What are the causes, and how 
can the trend be reversed? 
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An obvious hypothesis Is that the decline results from In- 
creasing subscription rates. If this Is true, what Is the ap- 
fSr 0 r83ponse? Prices to members reflect the costs of 
Juniiiing member subscriptions and depend on the slze9 of 
nil |0 o r , nal8 - Lower Prices can be charged for smaller jour- 
Should JGR be further subdivided? Should AGU es* 
oiish new Journals, more narrowly focused, and therefore 
potentially smaller, than those we already have? If so, to 
f ® xt0nt should the subject matter of new journals be 
“icied to avoid competition with existing AGU Journals? 
lease let ua hear from you on this or any other matter 
concerning AGU journals and books. 
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A Preliminary Systems Analysis of Impacts of 
Proposed Soviet River Diversions on Arctic Sea Ice 


Philip P. Micklin 
Department of Geography 
Western Michigan University 


Introduction 

Vast river diversion projects could be under construction 
by the end of the century in the USSR and ultimately reach 
several hundred cubic kilometers annually. The most 
seriously considered would take water from major Arctic 
draining rivers (Ob. Yenlsey, Pechora, and Northern Dvina) 
and transfer It to western and southern regions of need 
(Figures 1 and 2). These grandiose undertakings would 
result In significant hydrologic, climatic, cryogenic, biotic, 
pedologlc, and geomorphic changes. Most of these would be 
of local or regional scale and confined to the Soviet Union 
l Mlcklln , 1979]. However, some macroscale alterations with 
international Implications are possible. Of these. 


modifications in the sea ice cover of the Arctic Ocean that are 
Induced by diminution of freshwater discharge are the mosl 
serious. Sea Ice plays a key role in the Arctic mass and 
energy budgets, diminishing water vapor, heat, and 
momentum exchange between the ocean and atmosphere 
and affecting pressure and circulation patterns over the entire 
Northern Hemisphere [Budyko, 1 974; Lamb, 1978; Flohn, 
1979). Significant alterations In Its extent, thickness, 
concentration, duration, and distribution would have 
Important consequences not only for Arctic but Northern 
Hemisphere climate. 

This study is a preliminary attempt to evaluate the potential 
effects of proposed river diversion projects on Arctic sea Ice. 

It employs a systems approach, primarily utilizing Soviet 
studies and data on the Arctic, to qualitatively delineate the 
potential impacts of diversions and to indicate which of these 
may be most crucial. This is a logical antecedent to a 
rigorous quantitative analysis of this problem. 



Fig. 1. Mean How USSR rlvare (kmVyear). (A) Percentage of USSR's territory with river discharge into specified sea and ocean basins. 
(B) Percentage of USSR's average annual river discharge accounted (or by rivers flowing into specified sea and ocean basins. Numbers 
in boxes A and B Indicate: 1— Arctic Ocean Basin; 2— Pacific Ocean Basin; 3— Black and Azov saa basins; 4— Baltic Sea Basin; 5— 
Caspian and Aral sea basins. (Source: Nikolskiy el al. \ 1 975| ) 


Kara Sea System 


Even though the contemplated diversions are very large in 
absolute terms and dwarf existing water transfer projects, 
they are negligible by comparison with the Arctic water 
budget. This Is a major Impediment to analysis. Thus, first- 
stage removal of around 60 km 3 represents only 1.7% ol 
estimated average annual freshwater runoff (3508 km 3 ) to 
the Arctic Basin and its marginal seas (excludes Hudson Bay 
and Strait, Foxe Basin, Baffin Bay, and the Greenland and 
Norwegian seas) and 0.02% of saltwater influx [Ivanov, 

1 978b; Aegsard and Grelsman, 1 975]. Even upper-limit 
transfers of around 300 km 3 annually, possible some time in 
the next century, equal 8.5% of freshwater and slightly more 
than 0.1% of saltwater Inflow, respectively. Consequently, 
determination of possible Arcticwide consequences of water 
transfers on sea Ice Is very difficult because of the masking 
effect of background noise from substantial natural 
interyearly variation. Hence, analysis has been restricted to 
possible Impacts on the Ice cover of the Kara Sea. This water 
body’s drainage basin contains Ihe Ob and Yenlsey rivers, 
from which the largest transfers are proposed. This sea has 
an area of 885,000 km®, around 10% ol the area of the Arctic 
Basin and Its marginal seas. The average annual continenlal 
runoff of 1360 km 3 , composed of river flow and glacier melt, Is 
especially Important in Its water budget, equivalent to a 1 .52- 
m layer over Its surface. This compares to an average 
thickness of 0.4 m of runoff over the entire Arctic Basin and 
Its marginal seas. It Is normally entirely covered with Ice in 
winter but about half Ice-free during summer. The sea Is a 
major source of Ice formation and export to Ihe Arctic Basin in 
winter [Zakharov, 1976]. The general Arctic cooling trend of 
1 940- 1 970 was most strongly manifested here and led fo an 
fl^ilmated 23% Increase In Ice cover. Soviet researchers 
SdthfSa, along with northern ^^nland, acts ; 
as a center of climatic fluctuation for the Arctic PMhaWt- 
1 9761. lt Is reasonable <9 expect that the effects of diversions 
on sea Ice would be most Intense andappewflret here . 
Furthermore; substantial changes In Kara Sea Ice cobld 

aitortHons In the sea Ice regime over much fkrger _ 


calculation of the upward heat flux from deep Atlantic water, 
a critical element in the Kara Sea’s thermal budget, is based 
on data in several Soviet studies dating back to the early 
1960s [Timofeyev, 1961,1 962; Panov and Shpaykher, 

1963). These were based on limited field observations, and 
they arrived at significantly different results. 

In spite of their limitations, the tables and figures suggest 
that river Inflow from the Ob and Yenlsey is ot fundamental 
importance in Ihe freshwater balance of the Kara Sea, 
contributing 67% of the total gain (Table 1} and significantly 
Influencing summer salinity and temperature conditions over 
nearly 50% of the sea's surface (Figures 3 and 4). They also 
Indicate that the upward flux from deep Atlantic water in 
winter, thought to be Influenced by continental runoff, is of 
major importance to the sea's heat budget and has a critical 
impact on wfnler Ice conditions in the northern part of the sea 
(Table 3, Fig. 4). The great change of Ice conditions between 
summer and winter and the role of river flow in this variability 
is suggested by comparison of Figures 3 and 4 and Table 2. 

Figure 5 Is an attempt to diagrammallcally represent the 
main ocean-sea ice linkages of the Kara Sea system that are 
affected by river diversions and to Indicate the character of 
the connections. (This model is based on a more complex 
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AGU will Initiate a Job Center for the benefit of reg- 
istrants and prospective employers at the Spring 
Meeting in BaWmore. The purpose of this center is to 
facilitate scheduling of Interviews between registrants 
seeking employment and employers seeking qualified, 
personnel to fill their job Vacancies. Job descriptions 
of open positions will be posted on bulletin boards al . 
the center. Employers planning to attend the meeting 
should bring Job descriptions; for posting to the regie- . 
tratlon dectk and (ill out a form Indicating when some- 
one will bP available for interviewing. 

Job candidates should bring resu mes with them to ’ 
the meeting. Resumes will! be held confidentially but ; 
will be open for review by registered prospective em- \- 
ployers. Job candidates can review posted - posl- f 

Heins and ' sign up at the Job Center desk. ' ; • 

' interviewing will take plaGei from .9' A.M. to 4 P;M. • 
Tuesday through .Thursday In Exhibit Hall A, ^ppllca-v. 

; lions and job descriptions cab be left at the Jobbed-: 
tar In the Baltimore Convention Center from ff io 4 
■from Monday on,’ •. : j - ■. ; ;.r 
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Fig. 2. USSR waior divaraion proposals. (A) Western European variant (35 km 3 ): stages— 1(4): 2(H); 3(22); 4(35). (B) Eastern Europe- 
variant (31 km 3 ): stagos— 1(13): 2(31). (C) Northweat-Dnepr (10 km 3 ). (D) Danube-Dnepr (24-30 km 3 ). (E) Volga-Don (25 km ) (F) 


Lower Volga-Central Asia (63 km 3 ) (Q) Siberian (more than 200 km 3 ): stages — 1 (25): 2(60); 3(100); 4(more than 200). (H) Azov Sea- 
Black Soa (85 km 3 ). (Sourco: P. Micklln) 


scheme formulated by the author, consisting of 75 state 
variables and 130 linkages, which attempts to represent the 
complete ice-ocoa n-al mosph ere system oi the Karo Sea.) 
Besides Indicating the key stale variables of the system that 
could bo influenced by a reduction ol freshwater inllow, the 
direction and qualitative character of the linkages is shown. 
Thus, both the connection pattern and the sign (l.e., pfus or 
minus) of (he Incremental change In the dependent (y) 
variable, caused by an incremental change in the 
independent^ variable. Is shown. Allhough a great 
simplification of reality, the model provides an appreciation of 
the complex effects river diversions could have on the ocean- 
ice system of the Kara Sea. Furthermore, it illustrates the 
difficulty of ascertaining the net result (more or less Ice) of 
reducing freshwater inflow. 


Diversion Impacts 
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Two scenarios of the consequences of river diversions are 
traced through the system, Aagaard and Coachman [1975] 
hypothesized an increase in surface-layer salinity, which 
would promote winter convection and upward heat flux from 
the relatively warm (0.08° C) layer oi deep Atlantic water 
underlying the colder (-1.8* C) surface waters of the 
northern part of the Kara Sea and the southern portion of the 
European Arctic Basin. This, they predict, would lead to a 
reduced (ce cover and a warmer Arctic. (The authors 
recognized, however, the possibility of negative feedback 
mechanisms, which could counteract these changes.) On 
the other hand, several Soviet researchers at the Arctic and 
Antarctic Institute In Leningrad take a different view [Antonov, 
1963, 1970, 1 976; Ivanov and Nikiforov, 1976). They foresee 
a reduction of the upward heat flux from the deep Atlantic 
water. This would result from a lessening of the Atlantic water 
entering the Arctic Basin and the Kara Sea because of a 
diminution of the Intensity of surface gradient currents out of 
the latter. In addition, they postulate a decrease In the export 
of Ice from the Kara Sea along with delay of the spring Ice 
breakup and melt In and adjacent to the Ob and Yenlsey 
gulls. The aggregate Influence of these changes would be 
heavier ice conditions. The analyses of the Soviet and 
American Investigators arrive at different conclusions 
because of their concentration on different parts of the total 
affected system. The complete system Is bo complicated lhat 
the net Impact of diversions on sea Ice would be difficult to 
determine without a sophisticated numerical model of its 
operation. 

Nevertheless, the linkage model (Figure 5 ) provides a 
basis to qualitatively evaluate the main impacts of diversions 
on the Kara Sea ocean-sea Ice system. First, the system Is 
separated Into its four basic components (Figure 6). Then 
critical pathways analysis Is employed to Identify the key ' 
inkage pathways and feedback loops of each and to analyze 
these In terms of their effects on system stability, the 
character of the sea ice cover, and some key related 

ESJ ft-™ 8 ^ pr ° ach not only allows estimation of overall 
Impacts but, equally Important, delineates the most sensitive 
linkage pathways and feedback loops that need further 

intensive Investigation. 


Eos. Transactions, American Gocph/skml Union (ISSN 0096-3941) 
19 published wuokty by the American Geophysical Union from 2000 
Fkmda Avenuo. N.W . Washington. D. C. 20009. Subscription avail- 
able on roquosl. This issue $5.00- Second-class postage paid al 
Washington. D. C.. end at additional mailing offices. 


Copyright 1981 by the American Geophysical Union. Material pub- 
lished In the issue may be pholocoptod by Individual scientists lor 
research or classroom use. Permission is also granted to use short 
quotes and figures and tables lor putflcatfon in scientific books and 
Journals For permission for any other uses, contact AGU Pub- 
lications Office, 2000 Florida Avenue. N.W., Washington, D. C. 
20009. 


Views expressed in this pubbcalkxn are those of tho authors only and 
do not reflect official posh ton* of the American Geophysical Union 
unless expressly slated. 


Pluto revisited 


A. J. Dossier and C. T. Russell (Eos, Forum, October 
1980) are behind the times. Pluto already disappeared £ 
Never-Neverland and has returned againl Dossier and ft* 
sell committed several blunders In their analysis that were 
further obfuscated by their failure to adhere to such fond*, 
mental AGU standards as showing error bars and pul- 
ing references. 

Nevertheless, I have unearthed an old, dusty Issue of 
Science, wherein one finds that Ash et a/. [1971] reports 
value for Pluto's mass that probably accounts for the third 
last data point In Dessler and Russell's graph. Bui Ash « j 
al's value reflects their assumption that the density is 3 ml 
cm 3 . They actually measured a negative mass. j 

You see, unlike the open-minded Dessler and Russell, j 
Ash et al. were so biased In favor of a positive mass to j 
Pluto that they discarded their own determination lhat Ur ■ 
mass of Pluto Is - 0.081 (±0.005) times the mass of ! 
Earth. Had Dessler and Russell Included this definitive de-| 
termination of Pluto's negative mass In their analysis (wifi 
or without error bars), they would have arrived al far dile'- 
ent conclusions. 

In particular they would have seen that Pluto’s mass is 1 
actually Increasing. Far from having to launch a PIOTO : 
mission In the Immediate future, we can proceed with the • 
Halley Intercept and VOIR missions secure In the M ; 
edge that Pluto will still be exhibiting accretionary behaw 
well Into the next century. 
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Ash, M. E., 1. 1. Shapiro, and W. B. Smith. The system of phMbv 
masses, Science, 174, 551-556, 1971. (Readers should nlv i 
especially to pp. 554 and 555, as wall as to footnote 37.) I 


C. R. Chapmai ; 
Planetary Science M’t j 
Tucson, Aiaw 


I am astounded that scientists of the calibre ol Dessler j 
and Russell are able to arrive at such ludicrous Interpret ; 
tlona of the data on the mass of Pluto as they have report- • 
ed In the Forum In Eos on October 28, 1900. Clearly, the 
most consistent Interpretation of the decrease by 4 orders 
of magnitude In the ratio of the mass of Pluto to that of trs 
earth Is that the earth is getting heavier. 

This hypolheala also explains many other phenomena, 
such as my Increasing difficulty In getting around as mh 5 
I did 20 years ago. Furthermore, NIAHOALMLTFAPTSTt 
TOTSADP (NASA Is a heck of a lot more likely to fund e 
program lhat studies the earth than one that studies ad* 
tent planet). 

In closing, let me plead with you to publish lhl9 a cor T 
since my publication list this year Is very thin (C. Rusw- 
public communication, 1980). 


ForreslMoz?. 

Professor 

University of California, BeM. 


The elegant formula of the Pluto mass derived by \ 
Dessler and Russell (Eos, 61{ 44), 690, m- 
of my conversation some years ago with my ■ j 
was a physics senior at Rice. In explaining Buddha j 
nation, I Introduced the Imaginary time which Chang 
exponential function decaying with time (represen j . 
py or other quantity) Into the circular function oiiimo ^ 


the real and Imaginary parts. I Interpreted inai nb M- 
Istlng, but only the real part is perceptible to OB 0 ' 
She thought I became crazy. Well, how do you Jwh 
men Interpret your formula In terms of the reaiis 
which Is complex, Instead of the real time? 

TakaaWWJ 


Professor, Texas 


Russell freely admits to circular reasoning.— 


In the light of President Reagan's ettltode 
rights for women (not necessarily for the ^tjjffii 
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path :T or,00dback loops lend to promote mors 
ice, whereas only two tend to reduced Also, the system 
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NASA would fare better In Its quest for comet 
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winter Ice cover (variables 6a and 6b of fh® 
surface salinity subsystem) are of critical jmp9^. 
work by Maykut [1 978] shows this flux to be. 

Ice up to about 0.4 m but Insignificant for tojggj 
meter. Hence, whether to consider these 
hot depends on oareful analysis of 1Kb 
Ice of different thicknesses In the l<ara 
the same measure, the exogenous 
component II of Figure 6 may beof crWcai jgsg 
. thermal anti mass exchange b elweeh the 
i Atlantic tAritonoy, 1 968). if so, Its 
: . balanoe.arid loeTeglme.of the Kate; 
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Fig. 3. Kara Sea: physical characteristics I. Bold dots— average minimum extent of sea Ice f'/e or 
greater concentration); dashes with degree numbers— average annual summer sea surface tem- 
perature (*C); solid lines with circled numbers— average annual summer suriace salinity °/oo). 
(Sources: Instltut geografU [1970]; American Geographical Society (1975).) 
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realistic simulation model of the entire sy8tem should be 
composed of coupled regional submodels that give 
appropriate weight to these distinct processes. 

Table 4 contains first approximations of direct changes In 
some Important parameters of the Kara Sea brought about 
by diversions. Initial stages of transfer (I and II) would cause 
small direct changes (not more lhan 5%) in freshwater, heat, 
ice, and salinity parameters characteristic of the sea as a 
whole. A logical inference la that diversion of up to 60 km 3 /yr 
^unlikely to extensively modify the Kara Sea Ice cover. 

Indeed, this is the firm contention of the Soviet government 
ISov/ef Weekly, 1979]. However, even seemingly minor 
direct disturbances merit caution. There are numerous 
variables and linkages that would be affected. Furthermore, 
dw possibility exists that in such a complex natural system 
multiplier, synergistic, threshold, and nonlinear effects could 
translate small direct changes Into major indirect alterations. 

For example, the combined Ob- Yenlsey discharge Is less 
jhan 3% of the gain side of the sea's water budget. 
Nevertheless, It plays a key role In Ice dynamics, mixing with 
seawater to form a thin, stable, low sallnlly-density layer, a 
tew to 50 m thick. River Inflow Influences the export of water 
and ice, fall freezing and spring-summer thawing, and Ihe 
upward heat flux from deep Atlantic water during winter 
™tov, 1963, 1968, 1976]. More critically, late spring 
floods on the Ob and Yenlsey, through their thermal, 
nyaraullc, and albedo-reducing effects, are the major factor In 
!? jMtap and meltin the Ob and Yenlsey gulfs and 
wniribute to It In adjacent zones of the Kara Sea [Ivanov and 
wworov, 1 976; Ivanov and Kurzhunov, I960]. First- and 
®®oond-stag e diversions could reduce thermal Input to the 
m ,15 % and 30% < respectively [Ivanov, 1 980 j. This 

ou| a significantly delay Ice melt and breakup in the southern 


Fig. 4. Kara Sea: physical characteristics II. (Sources: Antonov 1 1957); Timofoyov 119611 


part of this 51 ,800 km 2 estuary. In turn, the ice cover in the 
northern part of the gulf and adjacent portions ol the Kara 
Sea could be indirectly modified. Soviet researchers at the 
Arctic and Antarctic Institute in Leningrad have warned lhat 
average annual diversions ol as little as 20 to 50 km 3 
annually from the Ob could cause an increase in the sea’s Ice 
cover of 2% for each 1% flow reduction [Ivanov and 
Nikiforov, 1976]. Thus a 50-km* (3.7 s o) diminution could re- 
sult in a 7%-8% increase in average summer Ice extent. 
Larger diversions, they believe, could cause a higher multi- 
plier ratio between Incremenial freshwater Inflow reducllon 
and Ice cover expansion. 

In light of the above (and since Ihe changes Induced by a 
freshwater Inflow reduction may lead to instability In the 
ocean-ice system), careful research and evaluation would be 
prudehl before proceeding with slages of Siberian diversions 
beyond 60 km a . The magnilude of direct changes from larger 
transfers (Table 4) are cause enough for concern. 
Additionally, It should be noted that other human actions in 
the basins of the Ob and Yenlsey, such as existing and 
planned Irrigation and reservoirs, could also affect Kara Sea 
Ice conditions. For example, construction of a chain of huge 
hydroelectric stations on the Yenlsey since the late 1 950's 
has already substantially altered Its natural hydrologic 
regime. The net effect has been a reduction of spring- 
summer and Increase of fall-winter discharge. Antonov 
(1972] convincingly argues this shift should lead to thicker 
winter Ice and later Ice breakup In Ihe Yenlsey Gulf and 
contiguous areas of the Kara Sea. 


TABLE 1 . Estimated Mean Annual Water and Salt Budget for the Kara Sea 


Volume Transport 
% Individual budgets 


Mean salinity, 
°loo 


Sail Transport 
10* Iona % 


1681 

1350 

1133" 

217 

269 

63(70)** 

380 

216(240) b 
164 
46000 
19534 
4384“ 
22082 
47302 
1302 
1302 
47682 
47682 . 


0.1 negligible 
1.4 negligible 


Conclusions 

Proposed Soviet river diversion projects have the potential 
to alter the Arctic ice cover and thereby influence Northern 
Hemisphere climate. The moat intensive impacts would be 
felt on the ice cover of the Kara Sea. A conceptual systems 
model shows the ocean-sea rce system that would be 
affected by diversions to be very complex Qualitative 
analysis indicates the overall effects of river diversions would 
likely be to promote system Instability and increase the Ice 
cover. This conclusion requires more research and 
quantitative verification. 

First- and second-slage water transfers from the Ob and 
Yenlsey rivers (up to 60 km 3 > probably would cause 
insignificant changes in the Kara Sea ice and certainly 
imperceptible alterations In Arctic Ice as a whole. However, 
with such a complex system, caution must be exercised In 
generalizing from small direct impacts to overall 
consequences because of possible multiplier, synergistic, 
threshold, and nonlinear transfer functions, which can 
magnify Indirect effects. Thus careful analysis oMmpacts of 
water transfers beyond 60 km 3 is Fmperallve well prior io 
implementation. 

We cannot accurately predict the effects of river diversions 
on the Kara Sea ice cover nor what level of flow reductions 
would cause these Impacts to become perceptible. Analyses 
of one, or even several, impact pathways or feedback loops 
Isolated from tha general operation of (he system cannol 
provide reliable answers. The approach of (his study 
provides valuable Insight, but it requires sophistication and 
quantification. Definitive resolution awaits formulation of a 
coupled numerical model (three-dimensional, time and space 
variant, physics-based) of the ocean-ice-atmosphere system 
lhat Is capable of realistically simulating the effects of 
discrete levels of freshwater Inflow reduction over periods of 
atlea8t several decades. Such a model is beyond current 
environmental modeling capabilities, ii not computer 
technology. The problem is of sufficient Importance that 
efforts along these lines should be initiated, even If there is no 
shoit-tsrm payoff. 


TABLE 2. Estimated Mean Annual Ice Balance of the Kara Sea 
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; JteevQiunJ^ oH,o0band ^ n,Bs y.9 u . lfs i •, •" , /• _i. 

■ ‘’Entafina 8t- * nna arKl Voronin trenches. r • , . • 

^akJuHi NovB Va Zernlya and Severnaya Zemlya. . .. |.. 

I kS? ialt prater ttelanG^: Wbl> 8MR. i - 

Surface ^ a nz Joseph Land arid fflovaya Zemlya and through Kaj y .. . , 

5 and subsurface outflow. •• ; ’ : .X 


Balance Element 

Volume, km 3 

% 

Gain 

1170 

: 100 

Winter Ice formation 

1100 

94 

Summer Import ol pack Ice 1 - 1 

70 

6 

Loss 

1170 

100 

Export of faff and winter Ice 1 * 

240 

21 

Summer Ice rrielt 

930 

79 

Iqe volume, end of summer 

420 

. 

Ice- free area, end of summer, 10* km* 

416 

47® 

Ice covered area, and of summer, 10 3 km s ' 

469 

53 c , 

Mean lea thickness, end of summer, m 

0.90 


Ice volume, end of winter 

1280' 


Mean Ice thickness, end of winter, m , 

1.46 d 

__ . 

Mean thickness of winter Ice formation, m . 

1.24 



rova [1977], • i 

1 “Chlefty from European B.aain.' ' 

kCMefiy to European Basin.. . 

1 c Percentabe of Kara Sea area (685,000 km*). , 

d Actual mean, Ice thickness la somewhat greater sjnee leads arid 
polynyas cover a small percentage' of Ihe ssa surface! 
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Fig. 5. Ocean-soa ice linkages ol Kara Sea system affected by river diversions. 


Soviol researchers at the Arclic and Antarctic institute 
have developed a two-dimensional hydrodynamic model 
capable ol simulating temporal and spatial variations of 
liquid, heat, and tree ions at tho hydrodynamic boundary 
between senwator and rivor wator | Molchanov, 1 976 1. They 
beliove this model can boused to quantitatively evaluate the 


effects of different diversion levels on the hydrologic regime 
of the Arctic seas. 

The environmental data base also needs strengthening. 
Measurements of mass, heal, and momentum conditions 
and exchanges within and above the Kara Sea, particularly 
for winter, are woefully Inadequate. Severe winter conditions 


TABLE 3. Preliminary Mean Annual Estimate of the Surface Layer Heal Balance of the Kara Sea 


Balance Element 


Heal Flux 


Volume. km : 


I0 ,2 kcal 


kcat/cm* 


Deep Atlantic water upward flux (winter) 
St Anna Trench 
Voronin Trench 
Continental inflow 
tee formation (wintor) 

Absorbed solar radiatcon (summer) 

Loss 

Winter fluxes to almosphere 


Icemeil (summer) 
Other heat losses 1 


149041 
2481 1 b 
2069B 
4113 
7000' 
70400® 
46830 h 
149041 
57200 
66960* 
24881 


^ U “M.M0 m km.' a ^ Tm0, ‘ V ‘ y C ' 861 - ,96S1 - SI,PaVkhB ' [19761: md Sh W kh ‘ r and [ |977 1- 

wleo" llTK' 1 '™ ^ CU ' rer " < ’ a,a 1955, " hiCh “ * ano,T,alous| y ' a '8a upward heat dux. 

d Over 121,176 km*. 

’Over 39,015 km J . 

^3b and Yenisey only; mainly expended on spring-summer Ice melt- 


*Ah2J» 0f t ,ua $ n assumed a1 64 w t0,J owing to brine inclusions. 


flu hc . 7 , . w«i,.y iw uiine inclusions. 

Absorption by open water areas for July and August 
*Over 416,000 km*. ' 

lheMca 1 «Iver' 0n a89Urn0tl at79 ' ^^kra 3 ; heal for Ice malt supplied by river How. audace layer ol the aaa, and absorbtlon of radiation by 

‘Summer Buxas ,o !ha atmoaphura. heal exported to !ha Arana Basin by aurlaaa oulftow. and exchange with deeper water. 


TABLE 4. Estimated Direct Mean Annual Changes In Selected Characteristics of the Freshwater Heat i«s anrfQoii ih,o ■ 

Soa From Siberian River Diversions ' ' C8, nd Salini, y Ba,an cea of the Kara 


Balance Characlerislte 


Freshwater gain, km 1 
<J 'i to due lion 
Continental runoff 
Production 
Ob*Yenlsey dischnrgo 
°o reduction 

C»>-Yoni5oy spring floods. V-VH 
% reduction 
Heal gam. 10' 2 keel 
“• reduction 
Ob- Yenisey Input 
% reduction 
Summer ice men, km 1 
% reduction 

Owing to heal from Ob-Yonlsey dfschargo c 
. a -<i reduction 

JutyAugusl surface layer average salinity, °i z } > 

% increase 

For area ol strongest innuenco of conlinontaJ runolt* 
% increase 


Natural Conditions 


Stage I, 
25 km^yr 


Stage II, 
80 krrF/yr 


Stage III, 
100 km 3 /yr 


149041 


1657 

1.5 

1325 

1.9 

1108 

2.2 

649“ 

1.2 

148405“ 

0.4 

6304“ 

9.1 

921 

0.9 

88 

9.3 

30.03 

0.1 

16.07“ 

0.4 


1622 

3.6 

1290 

4.4 

1073 

5.3 

638“ 

2.9 
147769“ 

0.8 

5728“ 

18.2 

912 

1.9 


Further Stages, 
to 220 km“/yr 


1582 

6.9 

1250 

7.4 
1033 

6.8 

599 t » 

1 46921 ^ 

1.4 
4880* 

30.3 

901 

3.2 


1482 

13.1 

1130 

16.3 
913 

19.4 
638*» 

18.4 
145273 b 

2.5 
3232» 

53.9 

878 

6.6 
45 
53.6 
30.25 

0.8 

. 1B.0B* 1 

7.2 


are a serious obstacle to field observations but data i 

.Qnwiat nnrl 1 1 R mptonrnlnnfnal snH ,ee., 


1 ■■ " ■ - - ■ - , _ — , - 3 3 

Calcutalod Irom data in Tables 1, 2. 3: Bulatov and Zakharov [ 1 9781: Shaavkher ami MQ701. i„«,» . — — - 7 _3 

l '* m Va3 '^ t,e76] '- ~»'FiS£SSSl M ,B701: mun ^ 

c Bawd on estimated annual dWarsion regime. 

^Period o> summer heat eloraoe: averaoa vaiuas kv nnitm <uia /rax noo ■ •nrough 


Soviet and U.S. meteorological and resource evalua? 1 
satellites, particularly the upcoming generations with Z 
sophisticated sensora, may be of great help In resdvirvJE 
problem [Berestovs kiy, 1978; Kondratyev, 19791 soS™ 5 
researchers are currently engaged in a major project to 
improve the data base for the Kara Sea as part of th B p rnc 
(First Global GARP* Experiment) [Treshnikovetal. 1978, 

In view of modeling and data constraints, less sophist:- 
cated approaches to systems analysis than a thorough nu 
merical model have considerable merit for the near term 
Among these, statistical techniques, such as multiple reqres. 
slon. principle components, and time series procedures^ 
serve to delineate variables, relationships, patterns, and wo 
odlcltles of Importance In understanding the Impact ofdtaT 
slons on the Kara Sea ice cover. The methodology used In 
this study could also be extended and improved frirough ap- 
plication of network analysis via graph theory togainataL 
understanding of the dynamics of the interactive system that 
Involves river diversions and the Ice cover of the Kara Sea 
{Roberts, 1976]. 


Appendix 


A key issue in evaluating the effects of reductions In it,* 
discharge on the Ice cover of the Kara Sea Is the Inlluew 
that freshwater Inflow has on the sea’s hydrology. Compre- 
hensive, detailed oceanographic 'survey data necessary & 
determine this are difficult to acquire. After completion ol 
this article, the author learned that in 1965 and 1967 two 
surveys had been conducted in the Kara Sea by U.S. Ice- 
breakers [Aagaard and Hanzllck , 1980; personal commurt 
cations with K. Hughes and V. Zegowltz, National Oceano- 
graphic Data Center, November- December 1980]. These 
data are especially useful because the cruises took place 
from late July to late September In 1965 and during Sep- 
tember in 1 967. This Is the period when we would expect 
the maximum effects of the Ob-Yenlsey spring floods on 
the sea. 

Two conclusions relevant to the topic of this study are 
apparent from even a cursory review of these data. First 
the effects of river flow on summer hydrologic conditions 
appear more substantial than indicated In the author s 
maps and tables. The 1965 survey shows a thin, iow-saiii> 
ily, vertically stable tongue extending far to the north. Near- 
ly 650 km out from the exit of the Ob and Yenisey gulfs m‘i 
the Kara Sea (78°3’N; 79 °44 E), surface salinity is 20 \ 
whereas at 10 m It is 32 7 ee .- This phenomenon Is partia'y 
due to Ice melt, but the influence of river flow Is clearly $ 
parent from the high silica content, characteristic of river 
water, of the surface layer. Second, the rapidity of north- 
ward movement of Ob-Yenisey water Is surprising. Only 
2'/z months (late June to mid-September) were required re- 
move the 650 km — an average velocity of 0.1 m/s. This 
would suggest that the Ob-Yenisey discharge has a sign 
cant impact on the northern part of the sea, which Is ur# 
lain by warm Atlantic water, during the fall. Furthermore; 
seems likely that although the average residency lime ^ 
river water In the entire sea is around 2 years, as caicuT- 
ed by Aagaard and Hanzllck [I960], the residency time «>• 
the thin surface layer flowing northward from the 0b aw 
Yenisey eslurarles Is much shorter, perhaps no morethj 1 
4-6 months. The combined OB- Yenisey discharge (flifj® 
exit Into the Kara Sea) In 1965 Is estimated at l 0981 ^' 
somewhat below the average of 1 1 33. We could exp 61 '- 
the average, this flow to be exceeded In 65% of y 0ar3 ’ 
Hence, other Influences being equal, we could exp 01 * J* 
effects of river flow to be greater than In 1 965 In tho ma J 
Ity of years. 
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Fig. 8. Critical effect psfhwsy5 of diversions on Kara Ssa ocean-sea lea system. 
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News 


First Space Shuttle Payload 


Preparations are being mado at ihe Kennedy Space 
Center for Installation of the first payload to be carried Into 
space aboard Iho space shuttle Columbia during STS-2, its 
second test flight, now scheduled (or this fall. 

The payload Is called OSTA-1 for NASA's Office of 
Space and Terrestrial Applications, which is providing most 
of the seven experiments, it is designed to demons Irate the 
space shuttle's capability as an operational space platform 
for scientific and applications research. The experiments 
are concerned primarify with remote sensing of land re- 
sources. atmospheric phenomena and ocean conditions. 

The payload experiments include an imaging radar 
(Shuttle Imaging Radar, or SIR-A) to help test advanced 
techniques for mapping geological structures important in 
oil and gas exploration; a multispeclral Infrared radiometer 
(SMIRR) to measure the solar reflectance of mineral-bear- 
ing rock formations; a feature recognllfon system (Feature 
Identification and Location Experiment, or FILE) designed 
to discriminate between water, bare ground, vegetation, 
snow, or clouds, and thus control sensors to collect only 
wanted data; an air pollution measurement experiment 
(Measurement of Air Pollution from Satellites, or MAPS) 
designed to measure Iho distribution of carbon monoxide in 
Ihe middle and upper troposphere (12-1 8-km altitude); an 
ocean color scanner (Ocean Color Experiment, or OCE) lo 
map algae concentrations, which may indicate feeding ar- 
eas for schools of fish or pinpoint possible pollution prob- 
lems; a night and day optical survey of lightning storms 
(NOSL); and a biological engineering experiment (Hellex 
Bioengineering Tosl, or HBT) to determine the relationship 
between plant growth and moisture content in the near 
weightlessness of space. 

An engineering model of a Spacelab pallet, a 3-m-long, 
U-shaped structure that mounts tn the shuttle’s cargo bay, 
will carry most of the experiments. The pallet is equipped 
with subsystems that provide power, command, data, and 
thermal interfaces for the instrument. 

The imaging radar, radiometer, feature recognition, pollu- 
tion measurement, and ocean scanner experiments are 
mouniod on the pallet; the lightning and biological engi- 


neering experiments are mounted In the shuttle s crew 

compartmenl. . _ _ , 

STS-2 will be launched from Ihe Kennedy Space Center 
into a 280-km circular orbit wilh an Inclination of 40.3“. For 
approximately 3.5 days (88 hours) of the 4-day mission the 
shuttle will be in an Earth-viewing orientation. In this atti- 
tude the shuttle payload bay faces Earth on a line perpen- 
dicular lo Earth’s surface. During this period, the instru- 
ments will be operated and data collected. The mission will 
conclude wilh a landing at Dryden Flight Research Center, 
Edwards, Calif. 

The flfghl operations of OSTA-1 will be controlled from 
the Johnson Space Center. The air pollution and feature 
recognition experiments operate continuously lor the whole 
mission with the Imaging radar, radiometer, and ocean ex- 
periments taking data over preselected sites. The lightning 
experiment Is a "target of opportunity" inslrument. Experi- 
ment housekeeping data is available In the Payload Opera- 
tion Control Center to monitor Ihe status and health of the 
Instruments, and ihe payload can be commanded from the 
control center or by the astronaut crew via the shuttle's 
general purpose computer. 

Since most of the shuttle data transmission capability will 
be utilized with shuttle status data for the second orbital 
flight test mission, ail the OSTA-1 scientific data will be re- 
corded onboard on tape and film, which will be removed 
from Ihe shuttle upon landing and turned over to the experi- 
menters for immediate screening and analysis. The Instru- 
ments will be removed from the Columbia after It Is ferried 
to the Kennedy Space Center. 

All scientific experiment data will be in the public domain 
and subsequently made available from Ihe National Space 
Science Data Center, Goddard Space Flight Center, 
Greenbelt, Md .—PMB 8 


weather satellite Imagery revealed a distinct eruption nkim 
that grew steadily for the next 2 '/ a days. MIcrobarocHaohs 8 
at Kushlro Weather Observatory {about 1250 km SWol 
Alald) recorded three distinct pressure waves on Aoril 
at 1 143 (0.5 mbar), 1153 (0.2 mbar), and 1340 (oTrnfo, 
Significant ashfalls were reported over a wide area. Tam 
reported that 20-25 cm of ash fell on the town ol Severn- 
kurilsk (45 km ESE of the volcano), and residents ol Shem 
ya (in the Aleutians, about 1200 km ENE of Alald) mea- 
sured nearly 2 mm of ash. Soviet volcanologists overflew 
the volcano April 29 and observed an ash column ihalroa 
to about 10 -km altitude from the summit crater. Analysis o! 
weather satellite Images returned the next day Indicated 
that the plume consisted of two primary layers, al about 0 . 
to 11 -km and 13.5- to 15-km altitude. By April 30 at 17 oq 
the plume was at least 100 km wide, extending east about 
700 km to 50°N, 165 8 E, then bending south and southeast 
about 1200 km to 40°N, 170*E. Vigorous feeding olthe 
plume from the volcano was continuing, 

A preliminary search for strong seismicity associated with 
the eruption yielded only a single shallow magnitude 6.0 
event at 44.04°N, 149.93°E (860 km SSW of the volcano) 
which occurred on May 1 at 0142. 


Information provided by the Scientific Event Alert Net- 
work of the Smithsonian Institution. 88 


Smithsonian Offers Research Funds 


Geophysical Event 


Alald Volcano, northern Kurile Islands, USSR (50.8(TN, 
155.50*E). All limes are local (GMT + 1 1 hours). A 
strong eruption from Alald, located on an uninhabited island 
In the Kurile group, apparently began during the morning of 
April 28. Clouds obscured Ihe area until about 0915, when 


The Smithsonian Foreign Currency Program, a national 
research grants program, offers opportunities for supped ol 
astrophysics and earth sciences research In Burma, Guin- 
ea, India, and Pakistan. Grants In thq local currencies ol 
these countries are awarded to senior scientists at United 
States institutions. Collaborative programs involving host 
country Institutions are encouraged. 

Deadline for submission of applications lor the grants is 
November 1 . For additional Information, contact the Foreign 
Currency Program, Office of Fellowships and Grants, 
Smithsonian Institution, Washington, D.C. 20560 (tele- 
phone: 202/287-3321), 88 



EOS offers classified space for Portions 
AwaiUWe. Position* Wanted, and Services, 
Supplies, Courses, and Announcements. There 
ore no discounts or commissions on classified 
ads Any type that is not publisher's choice to 
charged tor al display rates. EOS la published 
weekly on Tuesday Ads must be received in 
writing on Monday t week prior lo the date ol Ihe 
issue required 

Replies to ads with box numbers should be 

addressed to Box American Geophysical 

Unon. 2000 Florida Avenue. HW„ Washington. 
DC 20009 


POSITIONS WANTED 
Rates per line 

1-5 times-Sl.OO, 6-1 1 times-$0.75, 
12-26 times-SO 55 


POSITIONS AVAILABLE 
Rates per line 

1-5 times-S2.Q0. 6-11 limea-SI.60, 
12-26 limes-S1.40 


SERVICES. SUPPLIES. COURSES. 
AND ANNOUNCEMENTS 
Rates per line 

1 -5 tlmes-S2.50. 6-1 1 times-$1 .95, 
12-26 time9-$l.75 


Faculty Position Atmospheric Sciences. 

The Umvorslly of Arizona has an opening for a 
tenure track (acuity position In the Department of 
Atmospheric Sciences. The appointment can be 
made up lo and Including the rank ol associate pro- 
lessor Some preference will be given to candi- 
dates with specialization In one or more of the fol- 
towmg areas: synoptic meteorology, satellite meteo- 
rology, boundary layer meteorology, air pollution, 
and air-sea interactions. The applicant must have 
an earned doctor s degree In the atmospheric sci- 
ences or a related discipline Applications will be 
accepted until August 1. 1981. Appointment can be 
eltedlve as early as January 16. 1982. The candi- 
date must have a dedication to undergraduate and 
graduate teaching and Is expecled to develop a 
high quality research program. Interested individ- 
uals should submit a complete curriculum vitae, a 
tut ol publication*, a statement ol teaching and re- 
search interests, and three letters ol recommenda- 
tion (sent directly by Uhe wnlers) to Louis J. Battan. 
Head. Department ol Atmospheric Sciences, Uni- 
versity ol Arizona. Tucson, Arizona 85721. Phone 
(6021 628-1211. 

The University of Arizona is an equal opportunity 
affirmative action employer. 


Research Aaaoolate In Electrical Engineer- 
ing. Research associate position available to carry 
out research In wave propagation Bnd wave-particle 
Interaction In the Ionosphere and the magneto- 
sphere. The applicant should have experience In 
theoretical and experimental aspects of the subject 
and must have a Ph D. degree in electrical engi- 
neering. A successful candidate will be expected to 
supervise graduate students, carry out a theoretical 
study program, aid In data analysis end Interpreta- 
tion. and In the planning of future experiments. Tha 
task Includes the development and execution of 
large-scale computer programs. Salary range be- 
gins at $27,000 per annum. Applicants should sand 
Ihslr curriculum vflaa and bibliography to Mr. 

James Peters. California Employment Development 
Center. 297 West Hedding Street, San Josa. CA 
95110. 

Advertisement paid by the employer. Deadline for 
applications is June 5, 1981. 


Geophysicist. Applications are Invited for a 
tenure track position in geophysics lor the 1001-B2 
academic year. The Ph.D. In geophysics or a close- 
ly related field la required. 

We are seeking a candidate capable ol teaching 
undergraduate and graduate courses and supervis- 
ing graduate research In seismic exploration geo- 
physics. Specific research Interests need not be in 
that area. Applications are encouraged from IndMd- 
uala with Industrial experience. 

Applicants should submit a resume and throe tel- 
lers ol recommendation lo Dr. Mold U. Ahmad. 
Chairman, Department ol Geology, Ohio University. 
Athena. Ohio 45701. 

Ohio University is an equal opportunlly/allinnfr 
ttve-actlon employer. 


STUDENT OPPORTUNITIES 

For special tales, query Robin Little, 

800-424-2488. 


POSITIONS AVAILABLE 


Crustal •etimelogyi Princeton Univer- 
sity. Cand dates with an interest in any of tho fol- 
lowing are invited lo apply rot research staff ap- 
pointments: 

l. Marine seismic data analysts and struc- 
ture of oceans and ocean margins 

2 Narrow nnd vvldo angle roMoction seismol- 
ogy apphed to continental cluster geology 

3 Wave propagation theory and techniques 
o1n*<air<c (Jala snaTys s 

Princeton University has fln ongoing program lor 
tho creative re analysis of oxrsting multichannel re- 
flection date— such as COCORP and U5GS on- 
shore data Special projects are undertaken from 
time to time hr collect held data in critical areas or 
to test new methods of data collection and analysis 
A high performance 32 til minicomputer system for 
data analysis and theoretical work to to be installed 
later ihra year 

Apptoanis should send curncuiiint vitae and e list 
of three references lo: 

Robert A. Phtoney 

Department of Gwteg*cai and Geop»tys*ai 
Sciences 

Pnocelon University 

Prmcetdft. NJ 08544 

Or require: 609-452-4 1 1B. 

Date of appointment and salary are negoiiabJg. 

Princeton University is an equal opportunity 6m-: 
ptoyec. 


Two WInter-ovev Positions in Antarcti- 
ca. Two positions are available to conduct scien- 
ce measurements in Antarctica ol the earth's high 
atmosphere These persons wilt winter-over et 
Siple and South Pole stations in 1982. 

Ore position will be as engineer, sciential at Siple 
Station. Antarctica. The primary responsibilities of 
•hi* position will be Ihe operation and maintenance 
ol a High Frequency (100 kHz la 30 MHz) vertical 
incidence radar system and a sophisticated optical 
experiment conducted by the Lockheed Palo Alto 
Research Laboratory. The radar system is a to kw 
ionospheric sounder using the latest techniques ol 
RF and digital electronics: real-time control ol the 
uansm-iier and receiver and initial data processing 
are handled by two micro computers which are in 
turn controlled by n disk-based minicomputer sys- 
tem Minimum requirements for this position ere a 
BS.. practical experience in digital and analog 
etoctromes. and oxpoilence with computer soft- 
ware. 

The second position will be os n hold engineer at 
Ihe South Polo station. Antarctica. The applicant 
will bo responsible for the operation and mainte- 
nance ol a variety at upper atmospheric research 
experiments Tlie experimental apparatus Includes 
nomoiots, photometers, an lonosonde. magnetom- 
eters and on eif-sky camera. Minimum require- 
menis are a B S or equivalent practical electronics 
oxpetrence 

The period of employment a expected to ran 
trom late summer ISSI to February 1983 (wlto a 
posstoAty of extension depending on available 
funding). both positrons require that the applicant 
be resident at the South Poto or Siple during the 
Anterctte winter Successful applicants will undergo 
peitofa ol trakung at Utah State University. Lock- 
heed Research Laboratory, and the University of 
Maryland i 

Apphcanta should submit a resume end request 
toreo tetters O reference be senl by 15 May 1981 

JLT. ** J R DoupWk - CmW torAtmo- 
agitete end space Sciences. Utah state University. 

SwWBa 109 * 1 ' U “ h ^ 3Z2, T^pM» (801] 

; U3U i* «n equal opportunity employ dt - 1 ' 


Faculty Poaltlon/Untveralty ol Alaska, Fair- 
banks. Application# are Invited for a tenure track 
faculty position In economic geology in the Geolo- 
gy'Geophyalcs Program to teach undergraduate 
and graduate courses In ore deposits, mineralogy, 
and exploration geology. 

Applications should have demonstrated practical 
experience In mineral exploration, regional and de- 
tailed geologic mapping as well as a commitment to 
research In the genesis of ore deposits. The candi- 
date will be expected to pursue a vigorous gradu- 
ate teaching and research program In economic 
geology with students primarily oriented toward ca- 
reers In Ihe mineral industry. 

Preference will be given lo individuals with expe- 
rience In arctic or subarctic minerals research and 
a record of close collaboration with the mineral In- 
Academic rank and salary commensurate 
with experience. Ph.D. required. 

i tt ’ re0 teHw8 01 refer ®nce Ol- 

f ^. Dtvtstan ol Geosciences, University ot Alas- 

*" K,ual 


Poatdootoral/Reaearoh Associate Por- 
tion!, Tho Johns Hopkins Unlvsrsltyi *P‘ 
piled Physios Lsboratory. Positions are avail- 
able tor studies ol magnetoapherto-lonospheric cou- 
pling, hydromagnellc waves, and plasma 
Instabilities In the Ionosphere and magneloapnaro- 
The selected candidates will participate In the 
ysls and Interpretation ol data trom spacecraft 
ground-based radars as well as In the devatop'™ 111 
and Implementation of new ground-based end 
spacecraft studies. Positions are tor one year ana 
are renewable. Tenure may begin at any time 
through September 1, 1081. Applications shou» « 
addressed lo Mr. Steven F. Sayre, Dept. ADH&- 
The Johns Hopkins University, Applied Phys* 8 
Laboratory, Johns Hopkins Road, Laurel, MU 
20820. 

An equal opportunity employer, m/f. 


EXPERIMENTAL ■ 
ATMOSPHERIC CHEMIST 


Research Aaioelate/Theoretfeal Physical 

S ar ** Applications Invited tor* a 
pc»to ortor a! research associate position In the 

J2S2 <* Mn °8 ,8 P h y- Oregon State Untverelty. 

reMareh ln theoretical motT 
0* coastal up- 

^llng, upper ccean mixing and/or equatorial 
^dreulatioa Ph.D. In mathematics or foe 
physical sciences. Submit resume, brief statement 

^TsSTto?? 18 ’ “£ ,h ™ SeXes ST‘ 

Dr James Rickman, School of Ocean- 
90n9733? fefl<,n 3,8,8 Unlver %- CorvaHs, Ore- 

Emptoyw. 9 " AcUoa ' E( l u ® 1 Opportunity 


7S3SS ln C0MW .2$ 

ssssarsiss^ *»*r 

« Utoe iSS^aS'SSIf' He8Ume ' name * 

by July t to I (SeTf ft d/weanth Interest* .. 

\ AWtesatess! 1 *:-- 


To conduct independent research IBw|y J? L 
elude marine measurements, tropospoeric-a 
stratospheric sampling, global chemical , 
and related scientific areas and managenw"' 
research group. Requires majority ® " 
following: Ph.0. in chemistry, . pWJJ,, 
oceanography, atmospheric science or a ciw . 
ly related discipline or equivalent plus 
stve experience with laboratory ^' k 0 L hiin . 
measurements relevant lo alnKsph** = 
Islry: outstanding skill in experimentalise 
ques for gas measurements; recoflfMWT" • 
llcatlon record; demonstrated ski) al^ sope . 
ing experimental scientists In ms* ; 
endeavors and interacting produc Hvety. - 

colleagues In theoretical studies. Salary rang;, 
$34,446-556,796. Candidates may tarn- 
submllllng a curriculum Vltae ; and HWJj. 
publications. Qualitlcallon al level lil « 5 , 

scientist will be based on. the -ffi 

the applicant satislies the. requkemam 8 - - 
Ph.D scientist III level will be a Hy« jfjj- 
appointment. For more information or jo ■ 

contact - Margareta Ddmeckl. 

CENTER FOR ATMQSHPHERIC RESE« 

'Art A. 'nnrsn n I 




( CENTER FOR ATMQSHPHtHlu ; i™ f 
m Sox - '3000, Boulder. CflKWffPI 8 *?^^ 
.(300) 1494*51 51 , : ext ; 501- ' - s \ 
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Consejo Nacional de Investigaciones 
Cientificas y T6cnicas 


CHIEF OCEANOGRAPHER 


2 $ 


A postdoctoral scientist with several years experience in physical 
oceanography is required at IADO (Institute Argentlno de Oceano- 
grafla), a joint institution of the Consejo Nacional de Investiga- 
ciones Cientificas Y Tdcnicas (National Research Council), the Un- 
iversidad del Sur, Bahfa Blanca, and the Armada Argentina (Ar- 
gentine Navy). 


The applicant, in addition to research and postgraduate teaching in 
his own field, will also ba responsible for the planning, coordina- 
tion, and supervision of activities in other branches of oceanogra- 
phy at large. 


The position- is under the auspices of a joint program of the Con- 
sejo Nacional de Investigaciones Cientificas y Tdcnicas (CON1- 
CET) and the Interamerican Development Bank (IDB). It will be Ini- 
tially of medium duration, and is renewable. 


It will be located at Bahia Blanca. Salary and fringe benefits ac- 
cording to qualification. Knowledge of Spanish language will be 
considered an advantage. For consultations or submitting applica- 
tions, contact: 


Sertor Presldente del 

Consejo Nacional de Investigaciones 

Cientificas y Tdcnlcas 

Avda. Rlvadavla 1917 

(1033) Buenos Aires, Argentina. 


Applications should include complete academic and professional 
background along with a list of publications as well as names and 
addresses of three references. 


kaiaareh Seismologist. The Alexandria Lab- 
oratories of Teledyna Gaotech invites application* 
om Ph.D. -level seismologists to work on problems 
plated to the comprehensive and ihreshold teat 
pan treaty negotiations. Applicants should have 
background In such topics as theoretical selamolo- 
By. seismic data analysis, seismic data gathering, 
<™areed scientific computing, and computer sya- 
apply please send your resume to Jean 
- . Pesonnel Department, Teledyna Geotach, 314 
Montgomery Street. Alexandria, Virginia 22314. 
aqual opportunity employer. 


Faculty Position 
Meteorology 

Applications are Invited for a ten- 
ure track or tenured faculty posl- 
tion available 1 September, 1981 
ln the Division of Meteorology 
and Physical Oceanography In 
■ne Rosenstlel School of Marine 
Atmospheric Science of the 
University of Miami, 
me rank and salary will be nego- 
ated depending on quallflca- 

Phn' ^ 9 a PP l,cant must hold a 
™.D. in atmospheric science or 
a related discipline. The applicant 
snould have atmospheric re- 
search and teaching interests 
^complement the activities of 
Je Division. 

Applicants should submit curricu- 
um vitae and the names of three 
professional references to: 

*®arch Committee 
Chairman, R. Bleck 
"°»«natlel School of Ma- 
r, ne and 

u^i tmo8pherlc Science: 
mSpHto* of Miami, 4600 
ui-, backer Causeway 

t!" 1 ’ Florlda 331 49. ■ 1 ! ' 

The University of; Miami is a -■ 
a ^ternatlonal university 

mativA o'iS3 Mal oPPortunity/affir- ; 
V9 action employer, 


University of Loads/laotope Oooohemlat. 

Applications are Invited tor a temporary appoint- 
ment lor a fixed term ol up to two years as post- 
doctoral research fellow In the Department ol Earth 
Sconces, trom a date lo be arranged, to work on a 
project in isotope geochemistry and geochronology, 
funded by Ihe Natural Environment Research 
Council. UK. 

Preferred special Interests and experience ara 
expected in radiogenic isotope geochemistry ap- 
plied to pelrogenetta studies and ; or mantle evolu- 
tion. Current Isotopic research Includes Investiga- 
tions Into specific intra-plate and island -arc volcanic 
provinces, mantle nodules. Precambrtan geochro- 
nology, thermal evolution of metamorphlc baits, and 
sea-waler/sedlment Interactions. 

Salary within the range £6070-C10,180 <m tiis 1A 
Scale tor Research and Analogous Stefi (1-6070- 
£10,575) according to age, qualifications and expe- 

rience. . r 

Informal enquiries may be made to Professor J u 
Briden. Further particulars and application forms (ii 
desired) may be obtained Irom the Registrar. The 
University, Leeds 182 9JT, UK. quoting re toence 
number 49/1 6/HG. Closing date for applications 3t 
May 1981. 

telemoioaVi Sedlmentology and Teoton* 
loe/Oeoehronology. The Geosciences Pro- 
gram of The University of Texas al Dallas Invites 
applications lor three anticipated tenure track open- 
ings In the general areas of selsrnotofly, clastic 
Bedim ontology and teclontos/geochronotogy begin- 
ning academic year 1BB1-82. At least mfM 
posit ions will be filled at Ihe senior level wHh rank 
end salary commensurate with qualifications. 

The positions require e Ph.D. and a strong com- 
mitment to excellence In research and 
Teaching duties w8 Involve both graduate and un- 
dergraduate courses, some partldpaUon to Mo 
courses and supervision ol MS and 
dents. Candidates with ths foltowtng research Inter- 

68,8 SelOTtology-expurtlsa In solid earth seismolo- 
gy with an Interest In apptylr>fl ihTOrell«1n>od- 
elng or signal processing techniques to earth- 
quake or other satemlo probtema. Academic 

Sufe s^rSmotogy^xperi^to 
al system? andtor dlaganesls. Acadamfc • 

al geotogyrtactonlca wtth ^ tolsrM to iwtopa 

. geoSemlstry, gsochrtpotogy, and petrology, 
ethnicity for statistical 

not required) and names of three «tere«w witn 
Sis appropriate Academic Search Numb*, to. 

p.O. Box 688 . 


Dean, Collage ol Qeoaelenoea. Tho Univer- 
sity al Oklahoma is seeking a dean tor its newly 
formed College ol Geosciences, a collage which is 
comprised ol tores existing academic departmonls: 
Geology and Geophysics. Meteorology, and Geog- 
raphy. In 1981-82 toe total faculty will reach ap- 
proximately forty full-time persons. Presently ihe 
student majors represent about 500 undorgraJuale 
amt 220 graduate sludenls. Tho College fs expect- 
ed to grow both In faculty and student body ovor 
the next several years. There is a firm institutional 
commitment to toe continued development ol aca- 
demic quality In undergraduate and graduate edu- 
cation and research in toe earth sciences, already 
an area ol traditional strength at the University of 
Oklahoma. 

Candidates lor the daanshlp should possess a 
doctorate In an earth science discipline, and should 
have significant experience in an administrative or 
academic role Involving Instructional and'or re- 
search activities relevant lo toe earth sciences. 

White an understanding ol and appreciation tor all 
of the earth sciences Is essential, because ol the 
unique traditions ol toe University ol Oklahoma and 
Us relationship to the elate and region, there will be 
a significant (ocua on energy activities and re- 
search. 

Among Ihe dean's responsibilities win be. (1) lo 
provide leadership, internally end externally, In en- 
ergy mailers and, particularly. In working with the 
petroleum and gas industry throughout the South- 
west: (2) to assist in toe planning and development 
of a $30 million Energy Center which will house the 
College of Geosciences and other energy-related 
disciplines and aorvices: and (3) to provide admin- 
istrative leadership tor Instruction and research in 
such areas as atmosphere, weather end climatolo- 
gy; physical, ooonamlc and cultural geography: and 
toe basic areas ol goology. goophy9ics. and goo- 
chemistry. 

The dean should bo abto to nssuino tills position 
in September, 19BI, or ns soon ns posslblo ihoro- 
afior, no Inter than January. 1962 Closing daio (nr 
applications is June 1, 1901. Plonsosonri nomina- 
tions. applications, and arrango tor at tons! ihroo 
letters ol relarence 

EO'AAE. Apply: Professor Noil E Salisbury. 
Chair. Geosctonco Dean Search Committoo. De- 
partment ol Geography. University of Oklahoma. 
Norman. Oklahoma 73019 


Atmospherlo Scientist Radiation Physi- 
cist. Curronl Appliod Research and Systems ac- 
tivities have created imrnndtelu opanings m the fol- 
lowing erens 

1 Speclrosropy. RnOi-itivo Transler and At- 
mosphunc Sciences H Position) Roqinius io 
work on tho general circulation modeling ol 
slmlosphere 

2 Atmospheric Fluid Dynamics M Position* 
Requires to develop global atmosphonc. 
dynamics problem in toe toennositotfie 

These positions are in support ol science and appli- 
cation tasks oi NASA Goddvd Space Flight Cen- 
ter. Greenboil. Maryland nnd require one lo work 
onsite 

An exlensivo background m Iho numerical simu- 
lation ol physical problems by usa of mini and large 
computers is required Cand'dales must have M S 
or Pr,D m aimospnorir s*',c-n-:es O' phys-caf sci- 
ences Botii of these positions are renewable up to 
two years 

Salary range is S21 .000 lo S35.000 par annum, 
depending on qualifications Good Benefits Quali- 
fied applicants should send three references, salary 
history and requirements to 

Dr S P S Anand 
Applied Research and Systems 
8401 Corporate Drive 
Suite 650 

Landover. MD 20785 
Telephone 1301) 459-8442 


Louisiana State University. The Department 
ot Geology anticipates one or more temporary posi- 
tions at Ihe assistant professor or higher level will 
be available in the tall or spring semesters 1981- 
82. Applications in any field of geology or geophys- 
ics will be considered. The Ph.D. is required. There 
Is a possibility of the positions becoming tenure 
back. Applicants should submit a vita, reprints, a 
statement ot teaching and research inlereate, and 
arrange lor three letters ol recommendation to be 
sent to Or. R. H. Pllger, Jr.. Chairman, Search 
Committee. Dept, ot Geology. LSU, Baton Rouge. 
LA 70803. Application Deadline July 15. 1981. 

LSU Is an equal opportunity affirmative action 
employ ar. 


Phy steal Oeaanography. A research and 
leaching position lor a visiting scientist is available 
lor the 1981 -82 academic year Tho position is 
state supported with a salary range of $19,000 to 
$26,000 tor nmo months at a rank from assistant to 
full professor, depending on the applicant's previ- 
ous experience. Applicants should have demon- 
el ratod export mental research ability in current 
dynamics. wavo9. turbulence or ocean remote 
sensing, and should be wining lo teach at leasl one 
course. Interest in interacting with existing research 
programs in turbulence, optical oceanography, or 
coastal processes is encouraged. 

Send curriculum vrtae. the names and phone 
numbers of three references to: Chairman. Depart- 
ment of Marine Science. University of South Flori- 
da. 830 First Sheet South, St Petersburg. Florida. 
33701. Application will be accepted through June 
30. 1981. 

Meteorite Research at UCLA. Applications 
are invited tor a postdoctoral position, salary about 
$19,000 per year. The job dutios involve experi- 
mental and theoreticn! studies relating to too origin 
of meteoritos. Requirements (or the position arc a 
Gdonce Ph.D. and a minimum ol 2 years meteorite 
research experience Send resume to J T Was- 
son. Institute ol Geophysics and Planetary Physics. 
University ol California, Los Angeles 90024 
UCLA is an affirmative action equal opportunity 
employer 

STUDENT OPPORTUNITIES 

Graduate Student ■ Rsae arch Assistant- 
ships, 81. Laula University, Paleomagnetlo 
Lsboratory. Two positions eroopon tor pnreomHg- 
retie research work conducted under NSF Bj*onsor- 
ship Tho positions ere for ono year and ere renew- 
nbto. Tho candidates nro expected to apply simul- 
taneously for admission to graduate school lo 
pur bud studies leading to e MS nnd or Ph D do- 
groo ingoophysics. For more Information, contact 
Dr S A Vine on*. DopciMmant at Earth 8 Atmuu. 
Scioncos. St Louis University, P.O Do* 80U9-La- 
cloda Sta . St. Loute, MO 63158. Telephone (314) 
658-3 1 28 nnd simultaneously. Doan of Grnrfuulo 
School. St Louis University. 221 N Grand Dlvd . 

St Louis. MO 63103 

SERVICES 

Ocrlpps Remote Sensing Tutorials. 

1A Overflow ol the Hanoto &en*nuj F.icihtv— 
This ono-iiay soinuinr dascubos iho data tmsrs 
sources anil processing c apart iiitius available ,ii 
Scnpps Institution ol Oceanography Remote Sens- 
ing Facility A morning tec l mu will miruduco pasl 
Current and future space platforms .lvniMbto ti.ir ol'- 
swrvntion of the Qcenns. A bnel discussion «jI 
where and how lo access bus icifoiruation will con- 
clude) too Inst part of the class 

Tlie atlemoon will include a dernouslralmn ol 
process mq and displaying imagery obtained fiom 
TIROS-N NOAA-ft and NIMBUS- 7 

Classes will ho hold at too Helen Raili Room SIC* 
Lituory on Monday. April 20 1 9D 1 and Monday. 

July 27. 1981. at 8 30 am A non relundn rite too of 
550.00 must be submitted with the application En- 
rollment limit— 12 

2A Users Introduction to the Scr-rp* Remote 
Sensing Rnc<My— ' T his (our-dav workshop -s mtard- 
ad exclusively lor individuals who will Oe using the 
facility at Scnpps Two morning lectures will de- 
scribe m detail me hardware, software and person- 
nel resources available lo oceanographers. Existing 
data bases, their characteristics, location, mode 
and cost ol access will be covered. Basics o» image 
processing will be introduced along with in-depth 
rook at the rnteraclive Digital Image Manipulation 
System used at the SFISF 

The two lectures will be tallowed by afternoon lab 
sessions which consist of hands-on exercises to fa- 
miliarize users with the hardware software at the fa- 
cility The third morning will be devoted lo tram us- 
ers in realnme spacecraft tracking and data record- 
ing and acquisition 

The remainder of the 3rd day and toe entire 4th 
day will be used lo work with users on a one-to-one 
basis. AttendeB9 are encouraged to bring their own 
digital tapes with data ol interest to them, which 
can be used during this last portion ol toe work- 
shop. 

Classes will be held in the Helen Ram Room SIO 
Library starting on Tuesday. Apnl 21 . 1981 and 
Tuesday, July 27, 1981 al 8.30 am A tee ot 
$335.00 must be submitted wilh each application. 
Enrollment limit— 6. 

For more information regarding applications, 
lees, etc., please contact University ot California al 
San Diego. SRSF<SIO, Ma» Code A-030, La Jolla. 
California 82093 or (714) 452-2292. 
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CRUSTAL THICKNESS 
t _ DATA8 A 


An up-to-da^ ^compilation of- crustal thickness and 
Pn velocity data from 249 sources, indexed an<i mapped 
kri three colors. Soft-bound report includes 50 pages 
V of bibliography, jist of 2131 thickness deteriniha- , 
A tions, 9 maps, and a spherical harmonic expansionw 
;V Data contours are. mapped ;for North America, y 
i \ : ' Europe , Tibetan ' plateau , Euras ian-Pacif ic J 
Vj ; plate 1 juncture (Japan) and:, the globe. , 


^ price $15.0 Gj . J F* 


PHOENIX CORPORATION 
itOO OLD MEADOW ROAD 
MOLE ANi VIRGINIA 2Z\02 
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